*PST AVAILABLE COPv 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



01) 



EP 0 969 112 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) int. CI 7: C22C 38/00, C22C 38/50, 


05.01.2000 Bulletin 2000/01 


nc>inft/n? n?iDQ/4fi 

KJC. \ U 0/U£, \jC I L/ WHO 


(21) Application number: 98907247.5 




(22) Date of filing: 16.03.1998 


ppt/ iPQ&/niini 

rlr I / JrW/U 1 1 U i 




(87) International publication number: 




WO 98/41664 (24.09.1998 Gazette 1998/38) 


(M\ Designated Contract] na States: 


• KURIYAMA, Yukihisa, 


np pr fiR mi 


Nippon Steel Corporation 




Futtsu City, Chiba 293-0011 (JP) 


(30) Priority: 17.03.1997 JP 8243497 


• SAKUMA, Yasuharu, 


1 5 07 1 997 JP 1 9029797 


Nippon Steel Corp. Kimrtsu Works 


1 5 07 1997 JP 1 9029997 


Kimitsu City, Chlba 299-1 193 (JP) 


06.08.1997 JP 22300897 


• KAWANO, Osamu, 


24.09.1997 JP 25893897 


Nippon Steel Corp. Oita Works 




Oita City, Oita 870-8566 (JP) 


(71) Applicant: 


* WAKITA, Junichi, 


NIPPON STEEL CORPORATION 


Nippon Steel Corp. Oita Works 


Tokyo 100-8071 (JP) 


Oita City, Oita 870-8566 (JP) 


(72) Inventors: 


• MABUCHI, Hidesato, 


Nippon Steel Corp. Oita Works 


• UENISHI, Akihiro. 


Oita City, Oita 870-8566 (JP) 


Nippon Steel Corporation 


Futtsu City, chlba 293-001 1 (JP) 


(74) Representative: 


• TAKAHASHI, Manabu, 


VOSSIUS & PARTNER 


Nippon Steel Corporation 


Siebertstrasse 4 


Futtsu City, Chiba 293-0011 (JP) 


81675 Munchen (DE) 



(54) DUAL-PHASE HIGH-STRENGTH STEEL SHEET HAVING EXCELLENT DYNAMIC 
DEFORMATION PROPERTIES AND PROCESS FOR PREPARING THE SAME 



(57) The invention relates to dual-phase type high- 
strength steel sheets, for automobiles, which have 
excellent dynamic deformation properties and exhibit 
impact absorption properties, and are intended to be 
used as structural members and reinforcing materials 
primarily for automobiles, as well as to a method of pro- 
ducing them, which dual-phase type high-strength steel 
sheets with excellent dynamic deformation properties 
are characterized in that the final microstructure of the 
steel sheets is a composite microstructure wherein the 
dominating phase is ferrite, and the second phase is 
another low temperature product phase containing mar- 
tensite at a volume fraction between 3% and 50% after 
5% deformation of the steel sheet, wherein the differ- 
ence between the quasi-static deformation strength as 
when deformed in a strain rate range of 5 x 1 0" 4 - 5 x 1 0' 
3 (s' 1 ) after pre-deformation of more than 0% and less 
than or equal to 10% of equivalent strain, and the 
dynamic deformation strength ad when deformed in a 



strain rate range of 5 x 1 0 2 - 5 x 1 0 3 (s' 1 ) after the afore- 
mentioned pre-deformation, i.e. (ad - as), is at least 60 
MPa, and the work hardening coefficient at 5-10% 
strain is at least 0.13. 
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Description 
Technical RpH 
[0001] 



10 Background fa 

« ?2Ef 661 ^ eXpeCted 88 ^X^l tSSt 8 * ^ "« for high- 

15 automobile accidents, become rapidly more bn»S1325?' ^ mated absorption properties in 
use of materials with high ^^S^^t^^!: ** ^ * P~Si2 "IS 

[0003] However, conventional hiah-sfren«th J 1 lessening the impact experienced by passenaers 
formabinty. and doubts exist as to Z ^ontl^T"^^ "* * ^ ^SSSt press 
- I^^a^withexca^^ 

result ,n increased yield strength of steel sheete undT^!? T * producin 9 » "ave been developed which 

5K2r a H disc,osa, in ^ unexSd^c?^^ 1 rrj^rjr^ d ^ 

deformation during the shaping process or during collilndS,!^ I ' *** because »« members undergo 
aspect to the yield strength as an indicator ScU^ST^"' * * to indu * a work-hardeniS 

* jn the prior art described above. ^ r6S,Stance - and ,h,s 18 ""adequate in tents of aritkofelon safe? 

mation properties in such a high strain rate rangV^so hiatSS? J^ an underetondi ^ of the dynamic defer- 
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« process for their production. 9 and improved ,mpact absorption properties for automobiles anda 
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dynamic deformation properties, which are high-strength steel sheets used lor automotive parts, such as front side 
members, and which are selected based on exact properties and standards for impact energy absorption during colli- 
sions and can reliably provide guaranteed safety, as well as a method of producing them. 

[0009] The invention still further provides dual-phase type high-strength steel sheets for automobiles with excellent 
dynamic deformation properties, which exhibit all the properties suitable for press forming of members, including excel- 
lent shape fixability, excellent stretchability and excellent flangeability, as well as a method of producing them. 
[001 0] The invention was devised to achieve the objects stated above by the following concrete means. 

(1) A dual-phase type high-strength steel sheets having high impact energy absorption properties, characterized in 
that the final microstructure of the steel sheet is a composite microstructure wherein the dominating phase is ferrite, 
and the second phase is another low temperature product phase containing martensite at a volume fraction 
between 3% and 50% after deformation at 5% equivalent strain of the steel sheet, wherein the difference between 
the quasi-static deformation strength as when deformed in a strain rate range of 5 x 10* - 5 x 10" 3 (s* 1 ) after pre- 
deformation of more than 0% and less than or equal to 10% of equivalent strain, and the dynamic deformation 
strength ad when deformed in a strain rate range of 5 x 10 2 - 5 x 10 3 (s 1 ) after the aforementioned pre-deformation, 
i.e. (ad - as), is at least 60 MPa, and the work hardening coefficient at 5-10% strain is at least 0.13. 

(2) A dual-phase type high-strength steel sheet having high impact energy absorption properties, characterized in 
that the final microstructure of the steel sheet is a composite microstructure wherein the dominating phase is ferrite, 
and the second phase is another low temperature product phase containing martensite at a volume fraction 
between 3% and 50% after deformation at 5% equivalent strain of the steel sheet, wherein the average value odyn 
(MPa) of the deformation stress in the range of 3-10% of equivalent strain when deformed in a strain rate range of 
5 x 10 2 - 5 x 10 3 (s' 1 ), after pre-deformation of more than 0% and less than or equal to 10% of equivalent strain, 
satisfies the inequality: odyn 2> 0.766 x TS + 250 as expressed in terms of the tensile strength TS (MPa) in the 
quasi-static tensile test as measured in a strain rate range of 5 x 10~ 4 - 5 x 10' 3 (s" 1 ) prior to pre-deformation, and 
the work hardening coefficient at 5-10% strain is at least 0.13. 

(3) A dual-phase type high-strength steel sheet having high impact energy absorption properties according to (1) 
or (2) above, characterized in that the ratio between the yield strength YS(0) and the tensile strength TS'(5) in the 
tensile test after pre-deformation at 5% of equivalent strain or after further bake hardening treatment (BH treat- 
ment) satisfies the inequality YS(0)/TS'(5) £ 0.7 , and also satisfies the inequality: 
yield strength YS(0) x work hardening coefficient £ 70 . 

(4) A dual-phase type high-strength steel sheet having high impact energy absorption properties according to any 
of (1), (2) or (3) above, characterized in that the average grain size of the martensite is 5 jim or less, and the aver- 
age grain size of the ferrite is 10 \xm or less. 

(5) A dual-phase type high-strength steel sheet having high impact energy absorption properties according to any 
of (1), (2), (3) or (4) above, characterized by satisfying the inequality: tensile strength (MPa) x total 
elongation (%) £ 18,000 , and by satisfying the inequality: hole expansion ratio (d/do) £ 1.2. 

(6) A dual-phase type high-strength steel sheet having high impact energy absorption properties according to any 
of (1), (2). (3), (4) or (5) above, characterized in that the plastic deformation (T) by either or both a tempering rolling 
and a tension leveller satisfies the following inequality. 

2.5 {YS(0)/TS'(5) - 0.5} +15 * T £ 2.5 (YSfOyTS^) - 0.5} + 0.5 

(7) The dual-phase type high-strength steel sheet having high impact energy absorption properties according to the 
invention is also a dual-phase type high-strength steel sheet with excellent dynamic deformation properties accord- 
ing to (1) to (6) above, characterized in that the chemical compositions, in terms of weight percentage, C at 
0.02-0.25%, either or both Mn and Cr at a total of 0.15-3.5%. one or more from among Si. Al and P at a total of 
0.02-4.0%, H necessary one or more from among Ni, Cu and Mo at a total of no more than 3.5%, one or more from 
among Nib,' Ti and V at no more than 0.30%. and either or both Ca and REM at 0.0005-0.01% for Ca and 
0.005-0.05% for REM, with the remainder Fe as the primary component 

(8) The dual-phase type high-strength steel sheet having high impact energy absorption properties according to the 
invention is also a dual-phase type high-strength steel sheet with excellent dynamic deformation properties accord- 
ing to (1) to (7) above, characterized in that one or more from among B (<s0.01), S (£0.01%) and N (£0.02%) are 
further added if necessary to the steel. 

(9) The method of producing a dual-phase type high-strength hot-rolled steel sheet having high impact energy 
absorption properties according to the invention is a method of producing a dual-phase type high strength hot- 
rolled steel sheet with excellent dynamic deformation properties according to (1 ) to (8) above, characterized in that 
after a continuous casting slab is fed directly from casting to a hot rolling step, or is hot rolled upon reheating after 
momentary cooling, it is subjected to hot rolling at a finishing temperature of Ar 3 - 50°C to Ar 3 + 120°C, cooled at 
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* ; 50-C ,o Ar 3 + 120*0, the 'hot niSSSSj 2!^^ * h0t r0,ftl9 in 8 

(2) below, the subsequent average coolimSe^n to ™^ ^f™ 81 " A 8385,165 ine «es (1) and 
Plished so that the relationshp l*^lS££^^ r * ^ 5 ° C/SeC ' and *• «** * a «™- 
(CT) satisfies inequality (3) below. mentioned metallurgy parameter A and the coiling temperature 

w 

9 £ logA s 18 

(D 

AT s 21 x logA - 61 

(2) 

is CTs6xlogA + 242 

(3) 

i^^^x^r Ks?^ 8,661 ha - — 

rolled steel sheet with excellentdynamic d^m^J^J pr0d " cin 9 a **H*«e type high-strength coW 
after a continuous cast stab is wSSJ^^SE^!^ ' 0 (1) t0 » *"* ^erizeoTn that 
momentary cooling, it is hot rolled, the ^-mJed aS^, 1 ^"If* °' fe hot r0,,ed "P 0 " Seating after 
ling, and during annealing in a co^ro £E£?£S Z " °S *" ^ Bhi8t iS C0,d - ro " ed *«* ■* ** 
perature between Ac, and Ac, and \ T 5 * pre P araton °» *• «"al product, it is heated to a rem- 
s^ndthenc^ 

annealmg step the cold rolled steel sheet is Md .iSiISSS S^T* h * the cortinuous 
he anneahng while held in this temperature range to a 1 S^T and ** and *> 
to a secondary cooling start temperature fTq) inthe ^» S wSSS 1 SUbSequenl » «■ cooled 
then cooled to a secondary cooling end ten^eX^ °» 1~10-C/secand 

c^onsarKtanne.lingtenperatureSm 

Brief Description of iht> nrawinrp 
[0011] 

deformation stress in the range of mS!!!!'*? between *• ^erage value odyn of the 
103 (1/S) and TS. as an index'* the ^SZ^^ZT"^ ^* -n - ^ " 

Fi9. 9 is a graph showing the change 7L JS^^TZ^J^L^^ to *» inventio "- 
t<on and a comparative example V C rat, ° tem P«fed rolling for an example of the inven- 

S^SeCT" " between at and the A „ , ^ ^ 

R» ,2 *>^^«ean^n,cyc,a to nc^^ ar ., ea ^^^ Bfteta(mto 
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Best Mode for Carrying Out the Invention 

[0012] Impact absorbing members such as front side members of automobiles are produced by bending and press 
faming of steel sheets. Because impacts during automobile collisions are absorbed by such members which have 
5 undergone press forming, they must have high impact absorption properties even after having undergone the pre-defor- 
mation corresponding to the press forming. At the current time, however, no attempt has been made to obtain high- 
strength steel sheets with excellent impact absorption properties as actual members, with consideration of both the 
increase in the deformation stress by press forming and the increase in deformation stress due to a higher strain rate, 
as was mentioned above. 

10 [001 3] As a result of much experimentation and research with the aim of achieving this purpose, the present inventors 
have found that steel sheets with a dual-phase (DP) structure are ideal as high-strength steel sheets with excellent 
impact absorption properties for actual members which are press formed as described above. It was demonstrated that 
such steel sheets with a dual-phase microstructure, which is a composite microstructure wherein the dominating phase 
is a ferrite phase responsible for the increase in deformation resistance by an increased strain rate, and the second 

15 phase includes a hard martensite phase, have excellent dynamic deformation properties. That is, it was found that high 
dynamic deformation properties are exhibited when the microstructure of the final steel sheets is a composite structure 
wherein the dominating phase is ferrite and another low temperature product phase includes a hard martensite phase 
at a volume fraction of 3-50% after deformation at 5% equivalent strain of the steel sheet. 

[0014] Concerning the volume fraction of 3 -50% for the hard martensite phase, since high-strength steel sheets and 
20 even steel sheets with high dynamic deformation properties cannot be obtained if the martensite phase is less than 3%, 
the volume fraction of the martensite phase must be at least 3%. Also, if the martensite phase exceeds 50%, this results 
in a smaller volume fraction of the ferrite phase responsible for greater deformation resistance due to increased defor- 
mation speed, making it impossible to obtain steel sheets with excellent dynamic deformation properties compared to 
static deformation strength while also hindering press formability, and therefore it was found that the volume fraction of 
25 the martensite phase must be 3-50%. 

[0015] The present inventors then pursued experimentation and research based on these findings and, as a result, 
found that although the degree of pre-deformation corresponding to press forming of impact absorbing members such 
as front side members sometimes reaches a maximum of over 20%, depending on the location, the majority are loca- 
tions with 0%~10% of equivalent strain, and that by understanding the effect of pre-deformation in this range, it is pos- 
30 sible to estimate the behavior of the member as a whole after pre-deformation. Consequently, according to the 
invention, a deformation of from 0% to 10% of equivalent strain was selected as the amount of pre-deformation applied 
to members during press forming. 

[0016] Fig. 1 is a graph showing the relationship between the absorption energy (Eab) of a press formed member 
during collision and the material strength (S), for the different steel types shown in Table 5, according to an example to 

35 be described later. The material strength S is the tensile strength (TS) according to the common tensile test. The mem- 
ber absorption energy (Eab) is the absorption energy in the lengthwise direction (direction of the arrow) along a press 
formed member such as shown in Fig. 2, upon collision with a 400 kg mass weight at a speed of 1 5 m/sec to a crushing 
degree of 100 mm. The shaped member in Fig. 2 consists of a 2.0 mm-thick steel sheet formed into a hat-shaped sec- 
tion 1 with a steel sheet 2 of the same thickness and the same type of steel, joined together by spot welding, the hat- 

40 shaped section 1 having a corner radius of 2 mm, and with spot welding points indicated by 3. 

[001 7] From Fig. 1 it is seen that the member absorption energy (Eab) tends to increase with the strength of materials 
under normal tensile testing, though with considerable variation. Here, the materials in Fig. 1 were subjected to pre- 
defbrmation of more than 0% and less than or equal to 10% of equivalent strain, and then the static deformation 
strength as when deformed in a strain rate range o!5x 10~ 4 - 5 x 10" 3 (s" 1 ) and the dynamic deformation strength od 

45 when deformed in a strain rate range of 5 x 10 2 - 5 x 10' 3 (s' 1 ) after the preformation, were measured. As a result, 
a classification was possible based on (od - os). The symbols plotted in Fig. 1 were as follows: 

O : (od - as) < 60 MPa with any pre-deformation of more than 0% and less than or equal to 1 0%; 
•: 60 MPa <, (od - as) with any pre-deformation in the above range, and 60 MPa <, (ad - as) < 80 MPa with pre- 
50 deformation of 5%; 

■: 60 MPa £ (ad - as) with any pre-deformation in the above range, and 80 MPa £ (od - as) < 100 MPa with pre- 
deformation of 5%; 

A: 60 MPa <, (od - as) with any pre-defbrmation in the above range, and 100 MPa < (od - as) with pre-deformation 
of 5%. 

55 

[0018] Also, when 60 MPa < (ad - as) with any pre-deformation in the range of more than 0% and less than or equal 
to 10% of equivalent strain, the values for member absorption energy (Eab) during collision was equal to or greater than 
the values predicted from the material strength S. thus indicating steel sheets with excellent dynamic deformation prop- 
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stole to provide high-strength steel sheets with high dynamic deformation resistance. 

[0026] Also, although the details are still unclear, it has been discovered that steel sheets with excellent dynamic 
deformation properties can be obtained when, as shown in Fig. 9. YSfOyTSXS) is no greater than 07, which amount is 
dependent on the initial microstructure, the amount of solid solution elements in the low temperature product phase 

5 other than the martensite phase and the main ferrite phase, and the deposited state of carbides, nitrides and carboni- 
trides. Here. YS(0) is the yield strength, and TS'(5) is the tensile strength (TS 1 ) in the static tensile test with pre-defbr- 
mation at 5% of equivalent strain or after further bake hardening treatment (BH treatment). It was also demonstrated 
that steel sheets with even more excellent dynamic deformation properties can be obtained when the yield strength: 
YS(0) x work hardening coefficient is at least 70. 

10 [0027] Furthermore, it is known that dynamic deformation strength is usually expressed in the form of the power of 
the static tensile strength, and as the static tensile strength increases, the difference, between the dynamic deformation 
strength and the static deformation strength decreases. However, a small difference between the dynamic deformation 
strength and the static deformation strength will mean that no greater improvement in the impact absorption properties 
can be expected. From this standpoint, it is preferred for the value of (ad - os) to be in a range which satisfies the fol- 

75 lowing inequality, (od - as) £ 4. 1 x as 0 8 - as. 

[0028] The microstructure of a steel sheet according to the invention will now be described in detail. As already men- 
tioned, the martensite is at a volume fraction of 3-50%, and preferably 3-30%. The average grain size of the marten- 
site is preferably no greater than 5 ^m, and the average grain size of the ferrite is preferably no greater than 1 0 *im. That 
is, the martensite is hard, and contributes to a decrease in the yield ratio and an improvement in the work hardening 

20 coefficient by producing a mobile dislocations primarily in adjacent ferrite grains; however, by satisfying the restrictions 
mentioned above it is possible to disperse fine martensite in the steel, so. that the improvement in the properties 
spreads throughout the entire steel sheet. In addition, this dispersion of fine martensite in the steel can help to avoid 
deterioration in the hole expansion ratio and tensile strength x total elongation, which is an adverse effect of the hard 
martensite. Also, because it is possible to reliably achieve work hardening coefficient £ 0.130. tensile strength x total 

25 elongation £ 18,000 and hole expansion ratio £ 1 .2, it is thereby possible to improve the impact absorption properties 
and press formability. 

[0029] With a martensite volume fraction of less than 3%, the yield ratio becomes larger while the press formed mem- 
ber cannot exhibit an excellent work hardening property (work hardening coefficient £ 0. 1 30) after it has undergone col- 
lision deformation, and since the deformation resistance (load) stays at a low level, and the dynamic energy absorption 
30 is low preventing improvement in the impact absorption properties. On the other hand, with a martensite volume fraction 
of greater than 50%, the yield ratio becomes larger while work hardening coefficient is reduced, and deterioration also 
occurs in the tensile strength x total elongation and the hole expansion ratio. From the standpoint of press formability, 
the volume fraction of the martensite is preferred to be no greater than 30%. 

[0030] Also, the ferrite is present at a volume fraction of preferably at least 50%. and more preferably at least 70%, 
35 and its average grain size (mean circle equivalent diameter) is preferably no greater than 10 |im, and more preferably 
no greater than 5 *im, with the martensite preferably adjacent to the ferrrie. This aids the fine dispersion of the marten- 
site in the ferrite matrix, while effectively extending the property-improving effect, beyond simply a local effect, to the 
entire steel sheet, favorably acting to prevent the adverse effects of the martensite. The structure of the remainder 
present with the martensite and ferrite may be a mixed structure comprising a combination of one or more from among 
40 pearBte, bainite, retained y, etc., and although primarily bainite is preferred in cases which require hole expansion prop- 
erties, since retained y undergoes work-induced transformation into martensite by press forming, experimental results 
have shewn that including retained austenite prior to press forming has an effect even in preferred small amounts (5% 
or less). 

[0031 ] Also, from the standpoint of impact absorption properties and press formability r it is preferred lor the ratio of the 
45 martensite and ferrite particle sizes to be no greater than 0.6, and the ratio of the hardnesses to be at least 1 .5. 

[0032] The restrictions on the values for the chemical components of dual-phase type high-strength steel sheets with 
excellent dynamic detonation properties according to the invention, and the reasons for those restrictions, will now be 
explained. 

[0033] Dual-phase type high-strength steel sheets with excellent dynamic detonation properties which are used 
so according to the invention are steel sheets containing the following chemical compositions, in terms of weight percent- 
age: C at 0.02-0.25%, either or both Mn and Cr at a total of 0.1 5-3.5%. one or more from among Si, Al and P at a total 
of 0.02-4.0%. if necessary also one or more from among Ni, Cu and Mo at a. total of no more than 3.5%, one or more 
from among Nb, Ti and V at no more than 0.30%. and either or both Ca and REM at 0.0005-0.01% for Ca and 
0.005-0.05% for REM. with the remainder Fe as the primary component. They are also dual-phase type high strength 
55 steel sheets with excellent dynamic deformation properties which contain, if necessary, one or more from among B 
(f30.01), S fcsO.01%) and N (^0.02%). These chemical components and their contents (percent by weight) will now be 
discussed. 
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wrth preformation at 5% of equivalent (strain T*» toetenalesfren ^ T S'(5) in the static tensile test 

2°^. That * YSfl^^S^ si of ^^S 6 "? trBatmert < BH ^re - 
introduced by 5% deformation, and the amount Z Z*^ 1 f S,0 ^ on dens «y and the dislocation density 
YS(0yTS-(5) means a higher initia. dislocal^ * V be COnC,uded *- a sma.l« 

no greater than 0.7, and is preferably provided S^Ze SStS^ VS(0)/TS ' (5) * 

2.5 {YS(0)/rS-(5) -0.5} + 15 £ T£ 2.5 {YS(0yT S -(5) - 0.5} + 0.5 



8 



EP 0 969 112 A1 



wherein the upper limit for T is determined from the standpoint of press formability including impact absorption property 
and flexibility. 

[0035] A method of producing a dual-phase type high strength hot rolled steel sheet and a cold rolled steel sheet with 
excellent dynamic deformation properties according to the invention will now be explained. In this production method, 
a continuous cast slab is fed directly from casting to a hot rolling step, or is hot rolled upon reheating after momentary 
cooling. Thin gauge continuous casting and continuous hot rolling techniques (endless hot rolling) may be applied for 
the hot rolling in addition to normal continuous casting, but in order to avoid a lower ferrite volume fraction and a coarser 
average grain size of the thin steel sheet microstructure, the bar (cast strip) thickness at the hot rolling approach side 
(the initial steel bar thickness) is preferred to be at least 25 mm. At less than 25 mm, the mean circle equivalent size of 
ferrite of the steel sheet is made coarser, while it is also a disadvantage against obtaining the desired martensite. The 
final pass rolling speed for the hot rolling is preferred to be at least 500 mpm and more preferably at least 600 mpm, in 
light of the problems described above. At less than 500 mpm, me mean circle equivalent diameter of ferrrte of the steel 
sheet is made coarser, while it is also a disadvantage against obtaining the desired martensite. 
[0036] The finishing temperature for the hot rolling is from Ar 3 - 50°C to Ar 3 + 120°C. At lower than Ar 3 - 50°C, 
deformed ferrite is produced, with inferior work hardening property and press formability. At higher than Ar 3 + 120°C, 
and the mean circle equivalent size of ferrite of the steel sheet is made coarser, while it is also becomes difficult to 
obtain the desired martensite. 

[0037] The average cooling rate for cooling in the run-out table is at least 5°C/sec. At less than 5°C/sec it becomes 
difficult to obtain the desired martensite. 

[0038] The coiling temperature is no higher than 350°C. At higher than 350°C it becomes difficult to obtain the desired 
martensite. 

[0039] According to the invention, it was found particularly that a correlation exists between the finishing temperature 
in the hot rolling step, the finishing approach temperature and the coiling temperature. That is, as shown in Fig. 10 and 
Fig. 1 1 . specific conditions exist which are determined primarily between the finishing temperature, finishing approach 
temperature and the coiling temperature. Specifically, the hot rolling is carried out so that when the finishing tempera- 
ture for hot rolling is in the range of Ar 3 - 50°C to Ar 3 + 120°C, the metallurgy parameter A satisfies inequalities (1) and 
(2). The above-mentioned metallurgy parameter A may be expressed by the following equation. 



h-i : final pass approach sheet thickness 

h 2 : final pass exit sheet thickness 

r : (h 1 - hgj/h! 

R : roll radius 

v : final pass exit speed 

AT: finishing temperature (finishing final pass exit temperature) - finishing approach temperature (finishing first 

pass approach temperature) 

Ar 3 : 901 - 325 C% + 33 Si% - 92 Mn^ 

[0040] Thereafter, it is preferred for the average cooling rate on the run-out table to be at least 5°C/sec, and the coiling 
to be carried out under conditions such that the relationship between the metallurgy parameter A and the coiling tem- 
perature (CT) satisfies inequality (3). 



A= e*x exp{(75282 - 42745 x C ^/[l .978 x (FT + 273)]} 



where 



FT: finishing temperature (°C) 

Ceq: carbon equivalents = C + Mneq/6 (%) 

Mn^: manganese equivalents = Mn + (Ni + Cr + Cu +. Moy2 (%) 

e*: final pass strain rate (s~ 1 ) 



e* = (v/VRxh ,) x (1/Vr) x 1n {1/(1-r)J 



9£logA^ 18 



(D 



AT ^ 21 x logA - 61 



(2) 



CT£6xlogA + 242 



(3) 
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30 



35 



and 5-10% work hardening properly. Afa ifioaAfe ^tot ^'"1"'^ ^^ cd ^ r ^" resistance odyn 

5 n«rtensrte and the oynamic deformation resistencTX^aS J? ^ im P° ssib,e to obtain the desired 

tower bmrt for AT is more flexible with a lower^ Aa^dS^K WOrk 1 . harden,n 9 PWfc etc. will be inferior. The 
the coiling temperature in inequality (3) tenSSSrtS HTl? '"^^ (2) " Further ^e. if the relationship wrth 

coi.ing a ndisc< W rol.edandsubjeS 

jJJ cycle such as shown in Fig. ' 12 . « i^?.^^ annexing though an annS 

^st 10 seconds in the temperature range of Ac, - aTaS I^aT ^ sealing step, it must be kept for at 
» fore be imposed to obtain rnarterJte^ereafti w2e « «^ TF* » 

coarse, and rt will therefore be impossible to obtain^ dlSl^ austenite monophase structure will be 
^ndstheausteniteprodu^^^^ 

equipment and coarsening of the microstructure ThL „ from 106 stand P0 ir * of avoiding addition to the 

» a 'to^C/sec.At»ess^ 

•s no particular upper limit here, it is preferaot wSZl T» w martenseite cannot be achieved. Although there 
[0043, According to the invention, E T cS2 ste^ sSth" ST ^ **" 

ous annealing cycle shown in Fig. 12 and coo^nZ^l, ^ 8 ^"^^ To from Ac, - Ac, in the contihu- 
secondary cooling start ^pmL^S^SSX^ ^ * 8 mettlod •£* »S 
5?°!? * 8 SeC0nd8ry «*B "* SwSKSh fe « EXT* f 0 * 8 rate 01 1 ~10°C/sec is followed 
byfte chemfoal compositions of the steelTnd mmSmS^SS^Si « 8 te ^ per8,ure Tem "•** is determined 

^rais^^ 

eventration in the austenite (Tl) andle i, w£fi ISSSSS? ** "** «™ 
pemtjre calculated from the solid solution bJ^S^^^^T 1 " ^ Here ' T1 is *• 

and Tq determmed by the annealing temperature ToC^^JTZ^ 6 ChemiCal °°"W**ons of the steel 
at the annealing temperature To. Thus. Tl is expreSe^s- equivalenls iii the retained austenite 



40 Tl=Kl - M *<Mn% + (Nj + Cr + Cu + Mo)/2} 

and T2 is expressed in terms of: 



45 



so 



Ac , = 723 - 0. 7 x Mn% - 1 6.9 x Ni% + 29. 1 x Si% + 1 6.9 x Cr%. 

AC 3 = 910 - 203 x (C%) M - 152 x Nr% + 44.7 x 8K + 

104xV% + 3 i.5xMo%-30xMn%.iixCr%.20x 
Cu% + 70 x P% + 40 x Ar% + 400 x Ti%. 



and the annealing temperature To. and when 

Ceq-=(Ac3-Ac 1 ,xC/(To-Ac 1 ) + (Mn + Si/4 + N^7 + Cr + Cu + 1.5 M oV6 
55 anHtT *T °' 6 ' 12 = 474 x (Ac 3 - Ac,) x C/(To - Ac,) 

Mo)/2 - O^)] xfTo 0 ' 6 ^ ) ^ = ™ * (AC 3 " * l) * C/{3 X < Ac 3 ' A Ci)xC + [ (Mn + Si/4 + Ni^ +C r + Cu + 1 5 

[0045] other words, when Te is equal to or greater than Tom *h«^ • 

greater than Tem. the desrred martensite cannot be obtained. Also, if 
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Toa is 400°C or higher, the martensite obtained by cooling is tempered, making rt imposstole to achieve satisfactory 
dynamic properties and press formability. On the other hand, if Toa is less than Te • 50°C, additional cooling equipment 
is necessary, and greater variation will result in the material due to the difference between the temperature of the con- 
tinuous annealing furnace and the temperature of the steel sheet; this temperature was therefore determined as the 
5 lower limit. Also, the upper limit for the holding time was determined to be 20 minutes, because when it is longer than 
20 minutes it becomes necessary to expand the equipment. 

[0046] By employing the chemical composition and production method described above, it is possible to produce a 
dual-phase type high-strength steel sheet with excellent dynamic deformation properties, wherein the microstructure of 
the steel sheet is a composite microstructure wherein the dominating phase is ferrite, and the second phase is another 

io low temperature product phase containing martensite at a volume fraction from 3%~50% after shaping and working at 
5% equivalent strain, and wherein the difference between the quasi-static deformation strength as when deformed in a 
strain rate range of 5 x 10' 4 - 5 x 10~ 3 (1/s) after pre-deformation of more than 0% and less than or equal to 10% of 
equivalent strain, and the dynamic deformation strength ad measured in a strain rate range of 5 x 10 2 - 5 x 10 3 (1/s) 
after the aforementioned pre-deformation, i.e. (ad - as), is at least 60 MPa, and the work hardening coefficient at 

75 5-10% strain is at least 0.13. The steel sheets according to the invention may be made into any desired product by 
annealing, tempering rolling, electronic coating or hot-dip coating. 

Examples 

20 [0047] The present invention will now be explained by way of examples. 
(Example 1) 

[0048] The 26 steel materials listed in Table 1 (steel nos. 1-26) were heated to 1050~1250°C and subjected to hot 
25 rolling, cooling and coiling under the production conditions listed in Table 2, to produce hot rolled steel sheets. As shown 
in Table 3. the steel sheets satisfying the chemical composition conditions and production conditions according to the 
invention have a dual-phase structure with a martensite volume fraction of at least 3% and no greater than 50%, and 
as shown in Fig. 4, the mechanical properties of the hot rolled steel sheets indicated excellent impact absorption prop- 
erties as represented by a work hardening coefficient of at least 0.13 at 5-10% strain, od - as £ 60 MPa, and odyn £ 
30 0.766 x TS + 250, while also having suitable press formability and weldability. 



35 



40 



45 



50 



55 



EP 0 969 112 A1 



X I ~H 



^ len 



° 1 0 1 0 

N |«0 | 00 r-l 



o lo 



75 



20 



25 



30 



o lo lo 



35 



*r I 



v ho k) 



40 



rr 



ojo lo |o 



45 



50 



tt> 

a 



o [ o | o 



O k\j o o 
O I O I CM 



O H Q 



55 



12 



EP 0 969 112 A1 



Table 1 (cont. ) Chemical compositions of stee 1 s 



Steel 
No. 


Cr aris format ion 
temperature °C 


Type 




Acl 


Ac 3 


Ar3 


• 


1 


741 


863 : 


793 


present invention 


2 


741 


863 


793 


present invention 


3 


744 


880 


805 


present invention 


4 


756 


871 


809 


present invention 


5 


709 


863 


756 


present invention 


6 


706 


816 


731 


present invention 


7 


726 


851 


794 


present invention 


8 


733 


874 


791 


present invention 


Q 


7 1 ■? 








10 






7ft7 


present invention 


11 


nil 
/jj 




7 

/ JO 


present invention 


12 


Til 


OO J 




present invention 


13 


Tin 


OCT 

03 / 




comparative 
excuupxe 


14 


741 


863 


793 


COuipalTaT-J- Vc 

example 


. 15 


713 


861 


806 


comparative 
example 


16 


728 


839 


732 


present invention 


17 


740 


887 


802 


present invention 


18 


767 


889 


763 


present invention 


19 


7 35 


870 


807 


present invention 


20 


736 


862 


798 


present invention 


21 


753 


860 


751 


present invention 


22 


704 


810 


713 


present invention 


23 


720 


837 


801 


present invention 


24 


717 


826 


773 


present invention 


25 


752 


923 


771 


present invention 


26 


722 


779 


762 


comparative 
example 
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Table 3 





Microstructure of steels 


5 


Steel No. 


Dominant phase 


Ferrite 


Martensite 






Phase 


Circle equivalent 
uiameier vMmj 


Volume fraction (%) 


Circle equivalent 


Volume fraction after 

zfiL u/nrkinn WrJi 

%j rO wui rvii y /of 


10 


i 
i 


ferrite 


0.0 


on 

OKJ 


P 5 


15 


o 
C 


ferrite 




90 - 


1 8 


3 




o 


ferrite 


*> n 


ft5 

Ov 


2.2 


10 




A 

4 I 


ferrite 


11 n 
1 1 .u 


Of) 


1 8 


4 


15 


O 


ferrite 


11 r 
11.0 ■ 




P O 


20 




e 
O 


ferrite 


^ n 




2 2 


15 




f 


ternte 


A 

4.D 


on 




10 


SO 


Q 

© 


ferrite 


4.0 


on 


O 


10 


Q 


ferrite 




on 


P P 


10 




1 n 
1U 


ferrite 




on 


P P 


10 




1 1 


ferrite | 


a n 
4.u 


on 


1 7 


20 


25 


15 

l<: 


ferrite 


k n 


on 


P P 


10 




lo 


Terrne 


11 A 


^o 




n 

y. 




1 >l 
14 


ferrite 


worKea structure 


on 


I 


0 


30 


ID 


Terrne 


1U.U 






0 
ii 




ID 


ferrite 


A A 
4.4 


on 


1 Q 


10 






ferrite 


4.D 


Q1 


2 


9 




1ft 


ternte 


0.4 


7ft 


1 A 


pp 


35 


1 0 

19 


ferrite 


4.4 


Q1 

3 1 


1.9 


9 




20 


ferrite 


4.3 


88 


1.8 


12 




21 


ferrite 


4.5 


85 


2 


13 


40 


22 


ferrite 


4.4 


84 


1.9 


11 




23 


ferrite 


4.4 


85 


1.9 


8 




24 


ferrite 


4.4 


85 


1.8 


12 




25 


ferrite 


2.4 


80 


1 


10 


45 


26 


bainite 


10.5 


30 




0 




Underlined data indicate values outside of the range of the invention. 
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(Example 2) 



duce cold rolled steel sheets. TenSSS AcHS 22 S° ^ Under ** COnditions ,lsted « Table 6 to pro- 
steel, and the sheets were subXt ^ 

pnor to coofing to room temperature. As ^XSt7^^SS!S^S^ h TaUe 6 ' 
toons and production conditions according to the invenfon Sff! the Chemical composition condi- 

tion of at least 3% and no greater SS% and ^S^VSTtf^ a martensite volume frac- 
sheets indicated excellent fmpact aSpfon S5S^i2^7^ P! ^ * W *** 
at 5-10% strain, ad - as . 60 MPa . 25 «C?S!b" wL T >rk h hardenin 9 of at least 0.13 

wettability. ^ * o.766xTS+250 . while also having suitable press formability and 
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Table 7 





Microstructure of steels 


5 


Steel No. 


Dominant phase 


Ferrite 


Martensite 






Phase 


Circle equivalent 
diameter (jim) 


fc M ft * _ /A/ V 

Volume fraction (%) 


Circle equivalent 
diameter (jim) 


Volume fraction after 
5% working (%) 


10 


27 


ferrite 


9.8 


100 




0. 


28 


ferrite 


6.4 


86 


3.2 


12 




29 


ferrite 


6.4 


95 




1 




30 


ferrite 


6.4 


94 




0 


15 


31 


ferrite 


5.3 ; 


89 


3.1 


11 




32 


ferrite 


4.8 


82 


2.8 


15 




33 


ferrite 


5.1 


84 


2.9 


12 


20 


34 


ferrite 


4.8 


75 


2.2 


18 


35 


ferrite 


5.1 


90 


2.3 


10 




36 


ferrite 


5.5 


90 


2.8 


8 




37 


ferrite 


6.2 


89 


3.1 


11 


25 


38 


ferrite 


5.8 


81 


3.0 


16 




39 


ferrite 


5.6 


78 


3.2 


18 




40 


ferrite 


5.6 


87 


3.2 


13 


30 


41 


ferrite 


4 -2 


80 


1.7 


16 




42 


ferrite 


4.5 


78 


2.1 


18 




43 


ferrite 


4.3 


79 


2.2 


19 




44 


ferrite 


5.0 


79 


2.3 


13 


35 


45 


ferrite 


4.9 


81 


2.1 


1 




46 


ferrite 


4.1 


42 


2.4 


35 




47 


ferrite 


4.6 


51 


2.6 


j 25 


40 


48 


ferrite 


5.6 


88 


2.6 


12 




Underlined data indicate values outside of the range of the invention. 
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[0050] The microstructure was evaluated by the following method. 

[0051 ] Identification of the f errite, bainite, martensite and residual structure, observation of the location and measure- 
ment of the average grain size (mean circle equivalent diameter) was accomplished using a 1000 magnification optical 
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claims 1 to 5. characterized in that the plastic deformation (T) by either or both a tempering rolling and a tension 
leveller satisfies the following inequality: 

2.5 {YS(0)/TS'(5) - 0.5} + 15 * T £ 2.5 {YS(0)/TS'(5) - 0.5} + 0.5 

7. A dual-phase type high-strength steel sheet having high impact energy absorption properties according to any of 
claims 1 to 6, characterized in that the chemical compositions of the dual-phase type high-strength steel sheet with 
excellent dynamic deformation properties contains, in terms of weight percentage, C at 0.02-0.25%, either or both 
Mn and Cr at a total of 0.15-3.5%, one or more from among Si, Al and P at a total of 0.02-4.0%, if necessary one 
or more from among Ni, Cu and Mo at a total of no more than 3.5%, one or more from among Nb, Ti and V at no 
more than 0.30%, and either or both Ca and REM at 0.0005-0.01% for Ca and 0.005-0.05% for REM, with the 
remainder Fe as the primary component. 

8. A dual-phase type high-strength steel sheet having high impact energy absorption properties according to any of 
claims 1 to 7, characterized in that one or more from among B (£0.01), S (£0.01%) and N (sO.02%) are further 
added if necessary to the chemical compositions of the steel of the dual-phase type high-strength steel sheet with 
excellent dynamic deformation properties. 

9. A method of producing a dual-phase type high strength hot rolled steel sheet having high impact energy absorption 
properties according to any of claims 1 to 8, characterized in that after a continuous cast slab is fed directly from 
casting to a hot rolling step, or is hot rolled upon reheating after momentary cooling, it is subjected to hot rolling at 
a finishing temperature of Ar 3 - 50°C to Ar 3 + 120°C, cooled at an average cooling rate of more than 5°C/sec in a 
run-out table, and then coiled at a temperature of no greater than 350°C. 

10. A method of producing a dual-phase high-strength hot rolled steel sheet having high impact energy absorption 
properties according to claim 9, characterized in that at finishing temperature for hot rolling in a range of Ar 3 - 50°C 
to Ar 3 + 120°C. the hot rolling is carried out so that the metallurgy parameter A satisfies inequalities (1) and (2) 
below, the subsequent average cooling rate in the run-out table is at least 5°C/sec, and the coiling is accorrplished 
so that the relationship between said metallurgy parameter A and the coiling temperature (CT) satisfies inequality 
(3) below. 

9<logA<;l8 (1) 
AT £ 21 x logA - 61 (2) 
CT^6xlogA + 242 (3) 

1 1. A method of producing a dual-phase type high-strength cold rolled steel sheet having high impact energy absorp- 
tion properties according to any of claims 1 to 8, characterized in that after a continuous cast slab is fed directly 
from casting to a hot rolling step, or is hot rolled upon reheating after momentary cooling, it is hot rolled, the hot 
rolled and subsequently coiled steel sheet is cold rolled after acid pickling, and during annealing in a continuous 
annealing step for preparation of the final product, it is heated to a temperature between A^ and Ac^ and subjected 
to the annealing while held in this temperature range for at least 10 seconds, and then cooled at a cooling rate of 
more than 5°C/sec. 

12. A method for producing a dual-phase type high-strength cold rolled steel sheet having high impact energy absorp- 
tion properties according to any of claims 1 to 8, characterized in that in said continuous annealing step, the cold 
rolled steel sheet is heated to a temperature between A^ and Ac^ and subjected to the annealing while held in this 
temperature range for at least 10 seconds, and for subsequent cooling, it is cooled to a secondary cooling start 
temperature (Tq) in the range of 550°C-To at a primary cooling rate of 1 - 1 0°C/sec and then cooled to a secondary 
cooling end temperature (Te) which is no higher than Tern determined by the chemical compositions and annealing 
temperature (To), at a secondary cooling rate of 10-200 a C/Bec. 
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Fig. 5 
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